INTRODUCTION
The Lulin One-meter Telescope (hereafter, LOT) was installed at the summit of Mount (Chang, 2004) . It is essential to know the properties and performance of the instrument to conduct scientific observations. We have started a program to evaluate the characteristics of CCD photometric system on LOT in November 2003. Here, we report the results of our analysis of the performance of the CCD photometric system and the characteristics and E-mail: kinoshita@astro.ncu.edu.tw the qualities of the site. We introduce briefly about the instrument in section 2, report the basic characteristics of the CCD in section 3, give the transformation coefficients in section 4, and show the total system performances in section 5, and summarize in section 6.
INSTRUMENT
The LOT is a telescope with an effective diameter of 1000 mm. The CCD imaging camera is attached to the Cassegrain focus of the telescope. At the beginning of the openuse observations, the CCD camera "AP8" manufactured by Apogee, Inc. was used. In
June 2003, the operation of CCD camera "VersArray:1300B" manufactured by Princeton
Instruments, Inc. was started. Since AP8 was retired in January 2004, here we concentrate on the performance of the VersArray:1300B. The performance of the AP8 CCD photometric system was reported by Kinoshita et al. (2004) .
The specifications of the CCD camera VersArray:1300B is summarized in Table 1 (Princeton Instruments, Inc., 2004). The telescope focal length is 8000 mm, resulting in a pixel scale of 0.516 arcsec per pixel. This is reasonably spatially sampled under the typical seeing of 1.5 arcsec at Lulin Observatory. The field of view of this system is 11.5 arcmin by 11.2 arcmin. The CCD is cooled by thermoelectric cooling together with water circulation. The typical operation temperature is −50 • C. The data acquisition is done using the software "Maxim DL" provided by the Diffraction Limited, Inc. running on Windows operating system. The data are recorded on the SAMBA shared file system on Linux operating system.
PERFORMANCE OF THE CCD

Bias
The mean bias level is about 89 ADU (Analog-to-Digital Unit) for slow readout mode, and about 150 ADU for fast readout mode. The readout time of fast readout mode is less than two seconds, and the efficiency of data acquisition is very high. This mode is powerful especially for taking flatfields during the twilight. Figure 1 and 2 show the stability of mean bias levels for slow and fast readout modes, respectively. It seems the mean bias level of fast readout mode is correlated with ambient temperature, and changes more than 15 ADU within a day. One of the explanations is the stray light causing the increase of the bias level after the sunrise in the morning. However, the stray light cannot explain the gradual decrease at night. We need further investigations of this phenomenon.
Because of this instability, it is encouraged to take bias frames often during the night to monitor the variability for high precision photometry when fast readout mode is used. Fig. 1 The level of bias frame is plotted against data acquisition time in UT. The data are taken under the slow readout mode.
Gain and Readout Noise
The gain G is the conversion factor of how many electrons are required to produce a digital number for the output data. The number of electrons is expressed as n e = Gn ADU .
(1) Here, n e is the number of electrons, n ADU is the Analog-to-Digital Unit (ADU), and
) is the gain. The standard deviation of the difference between two flatfield images σ F1−F2 contains Poisson noise in addition to the readout noise (Howell, 2000) ,
Here, R (e − ) is the readout noise. Subtracting two flatfield images increases the noise by a factor of √ 2. Hence, the relationship between the signal S and the noise N is expressed
We took images of flatfield using a white screen in the dome. We used both broad-and narrow-band filters to cover a wide range of signal levels. We used B for the broad-band filter and CN for the narrow-band filter. The integration times were set from 3 to 60 sec.
For each integration time, five frames were continuously taken. We tested both the fast readout mode of 1 MHz sampling and slow readout mode of 50 kHz sampling. Basically we follow the method described by Motohara et al. (2002) . All the measurements were carried out under the cooling temperature of −50
• C. Since we took five frames for each signal level, we made ten pairs of two frames from five frames. For each pair of images, we subtracted one from another, and measured the standard deviation. We divided the standard deviation by √ 2 to derive the noise level. We also subtracted combined dark frame from flatfield images to measure the mean signal level of the flatfields to derive the signal level. To check the uniformity of the properties of the CCD, we divided the CCD into four regions. Here, we call the 301 ≤ x ≤ 600, 301 ≤ y ≤ 600 region of the image The results of the measurements for the fast and slow readout modes are shown in Figure 4 and 5, respectively. We fitted the measurements with Equation (3). The gain G is 3.0 e − /ADU for all four regions for fast readout mode, and is 2.0 e − /ADU for all four regions for slow readout mode. The readout noise is 7.1-7.4 e − for fast readout mode, and 4.4-4.5 e − for slow readout mode.
Dark Current
The dark frames with different integration times were obtained to estimate the dark current generation rate. The results are summarized in Table 2 . The average value shows 0.064 e −1 /sec/pix for the operation temperature of -50 deg C.
Linearity
In order to check the linearity of the response of the CCD, we have carried out a measurement using camera lens and LEDs. We placed eight LEDs in the sphere. We attached the camera lens to the CCD and located the CCD at small hole of the sphere. We imaged inside of the sphere for various exposure time ranging 5 to 80 seconds. For each exposure time, we took 5 frames. The measurements are done using slow readout mode, and the dark component is subtracted. Figure 6 shows the mean count of 100 × 100 pixels near the center of the field against exposure time. We fitted the data with the formula Here, C is the mean count, t is the exposure time, a, b and γ are constants. The deviation from γ = 1 was 0.1% for the range from 3000 to 38000 ADU. The non-linearity degraded to 1.7% when the mean count reached 51000 counts. 
PHOTOMETRIC CALIBRATIONS
In order to compare the results of the photometry with the results from other instruments, one needs to convert the magnitudes from the instrumental system into the standard system. To achieve this conversion, it is essential to evaluate the transformation coefficients.
Here, we define transformation equations as
where
color terms, and X is the airmass. The net fluxes inside the aperture for standard stars are normalized to the exposure time of one second to calculate the instrumental magnitudes.
We have chosen photometric standards from the list provided by Landolt (1992) to cover a wide range of colors and airmass. We have used UBVRI filters. The BVRI filters are based on the Bessell system, and their transmission properties are reported by . The property of the U-band filter is unknown and we are planning to measure the transmittance in the laboratory. Basically we used the "photcal" package of IRAF (Image Reduction and Analysis Facility, provided and maintained by NOAO) to fit the data and derive the coefficients. The values are confirmed by manual analysis using the method described by Henden and Kaitchuck (1990) . The second-order extinction terms are found to be small and we ignored them. The results for seven different nights are summarized in Table 3 
(R − I) = 0.82(r − i) + 0.57.
Here, capital letters denote the standard system and small letters denote the instrumental system. 
SYSTEM PERFORMANCE
System Efficiency
Using the photometric observations of the Landolt standard fields, we have estimated the total throughput of the telescope and instrument including telescope optics, filter transmittance and detector quantum efficiency. The energy coming into the circle with the diameter of D outside the Earth's atmosphere from the star of magnitude m λ per second is expressed as
Here, F λ is the flux of a 0 magnitude star at wavelength λ, and ∆λ is the half-width of the filter. The number of incoming photons N photon are calculated as Here, h is the Planck constant, and c is the the light speed. The extinction corrected count rate of the CCD N obs is expressed as
Here, C raw is the integrated raw count of the star, T exp is the exposure time, k is the first-order extinction coefficient, X is the airmass, and G is the gain of the CCD. We define the total throughput E as
The results are summarized in Table 5 . Since the transmittance of the U-band filter is unknown, we assumed a typical value. Results for both the slow and fast readout modes have good agreement.
Sky Background Brightness
The brightness of the night sky was measured using the data taken on 24, 25 June, 2004.
It was 6 and 7 days after the new moon, respectively. The Moon was almost going to set on 24 June, and the elevation was 4.0 to -0.5 degree above the horizon. On 25 June, the elevation of the Moon was 22.3 to 11.0 degree above the horizon. We have selected June are 65 and 53 degrees, respectively. The airmasses were 1.17 to 1.26 on 24 June, and 1.13 to 1.22 on 25 June. The correction for the airmass was applied using the formula (Krisciunas & Schaefer, 1991 )
Here, B 0 (Z) is the night sky brightness at zenith distance Z, B zen is the night sky brightness at zenith, k is the extinction coefficient. We measured mean background level using the software "source extractor". The derived instrumental magnitudes and colors were converted into the standard system using the coefficients in Table 3 respectively. The values we obtained at Lulin were compared to those of major ground based astronomical observatories in Table 6 . Although the night sky brightnesses for B and V-band are roughly 0.8 and 0.5 magnitude brighter than major astronomical sites, it seems to be typical in East Asian region. Lin (1994) reported the dark time night sky brightness at Lulin as B = 21.22 and V = 20.72 mag arcsec −2 which are brighter than this work. This may suggest the variability of the brightness of the sky at Lulin due to the light pollution from nearby cities.
Limiting Magnitude
We estimated the limiting magnitudes of LOT and PI1300B photometric system at Lulin.
We used readout noise and dark current generation rate and sky back ground brightness estimated in this work. We adopted the CCD equation of the form
Derived limiting magnitudes for slow readout mode are U = 19.7, B = 21.4, V = 21.2, R = 21.1, and I = 19.9 mag for the signal-to-noise ratio of 10 under the integration time of 300 sec and the aperture size of 3 arcsec. 
SUMMARY
The performance of the LOT and VersArray:1300B CCD photometric system at Lulin
Observatory of the Institute of Astronomy at National Central University was evaluated.
We have found the variability on the bias level when the fast-readout mode is used. The gain of the CCD is different for slow and fast readout. The transformation coefficients and the relation of instrumental and standard colors are derived. The extinction coefficients at Lulin on relatively dry nights are competitive to major astronomical sites. The total system performance was also measured. The night sky brightnesses seems to be typical values for observatory in East Asia region.
